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MONOCLONAL  ANT  I  SOD  IPS  TO  CRYSTAL  PROTEIN  Ur 
BACILLUS  THURINGIENSIS  SUBSPECIES  ISRAELENSIS 

BACKGROUND  OP  THE  INVENTION 


1)  Eield  of  the  Invention 

This  invention  relates  to  ininunochemicals  for  use  witn  microbial 
pesticides.  Mere  particularly  this  invention  is  for  monoclonal  antinomies  to 
crystal  proteins  of  Bacil lus  tnur ingiensis  suosp.  israelensis  and  to  tne  hyorie 
cell  lines  that  secrete  these  monospecif ic  antioodies. 

2)  Description  of  the  Prior  Art 

Bacil lus  thur ingiensis  is  an  aerooic,  endos pore-forming,  Oran  positive 
bacterium  which  forms  a  proteinaceous  crystalline  inclusion  during  sporulation 
and  is  pathogenic  to  certain  insects.  Monoclonal  antibooies  to  Bacil lus 
thur ingiensis  'nave  been  reported  for  crystal  protein  only  of  suosp. 
thuringiensis  and  kurstaki  (Huoer-Lukac  ec  al.,  1962,  l?o3,  lVoo).  The  crystal 
protein  of  B.  thuringiensis  suosp.  israelensis  is  larvicidal  to  several 
families  of  Dipteran  insects,  including  mosquitoes,  olacn  flies,  midges,  ano 
horn  flies  ( Tutoyer  1964).  Crystals  prepared  from  B.  t curing ions  is  suosp. 
israelensis  contain  several  proteins  and  there  is  case  controversy  ever  wiiicn 
of  these  component  proteins  represents  the  insecticiual  toxin  (del ta-enuotoxin; 
active  _in  vivo.  Molecular  oiolcgical  teciiniques  are  capaole  of  resolving  tnis 
controversy,  but  are  ccmplicateu  oy  potential  proteolysis  of  crystal  protein 
components  during  preparation  as  ’/veil  as  difficulty  in  assaying  insecticidal 
activity  of  soluble  proteins. 

One  method  of  production  of  nonoclonal  antioooies  oy  tne  fusion  of  spieen 
cells  Iran  immunized  mice  and  myeloma  cells  grown  in  continuous  culture  nas 
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been  described  previously  by  Zola  u  Brooks  (1932).  However,  it  should  De  noteu 
that  preparation  of  nybridoma  cell  populations  remains  unpredictaole,  ana  one 
cannot  extrapolate  frcrn  one  antigen  or  cell  system  to  another. 

Heretofore,  monoclonal  antioodies  specific  for  different  component  proteins 
of  B.  thuringiensis  subsp.  israelensis  crystals  were  not  availaole. 

SLIT-iAHY  Or  THE  KWEInTION 

We  have  prepared  a  hybrid  cell  line  which  secretes  monoclonal  antioouy 
specific  for  a  protein  component  of  the  insecticidal  crystalline  inclusion  of 
Bacil lus  thuringiensis  subsp.  israelensis.  The  novel  antioody  produced  oy  the 
hybricoma  of  our  invention  is  specific  for  crystal  protein  of  in  tnuringiensis 
subsp.  israelensis  and  does  not  cross-react  with  crystal  proteins  of  3. 
thuringiensis  suospecies  specifically  toxic  to  lepidoptaran  insects.  Because 
of  this  novel  specificity,  our  invention  allows  specific  immur.ocnemical 
techniques  to  be  utilized  for  oiochemical  and  ir.munocnemical  study, 
inirunoaff inity  preparation,  or  genetic  manipulation  of  crystal  proteins  cerived 
from  B^  thuringiensis  subsp.  israelensis  through  use  of  reccmo inant  JhA 
technology  and  immunochemical  screening. 

In  addition,  because  the  monoclonal  antibody  of  the  invention  is  specific 
for  a  protein  derived  from  thuringiensis  suosp.  israelensis,  it  proviues  a 
means  of  monitoring  use  and  distribution  of  ih_  thuringiensis  suosp.  israelensis 
in  the  environment,  as  'well  as  the  aDility  to  monitor  novel  organisms  resul ting 
from  recombinant  DHA  tecnnology  which  contain  and  express  the  specific 
structural  genes  which  specify  tne  protein  or  derivative  proteins  recognized  oy 
the  antibody.  Accordingly,  iiirmnocnemica  1  metnoos  for  using  the  monoclonal 
antiboay  have  oeen  developed. 

In  accordance  with  this  discovery,  it  is  an  object  of  tne  invention  to 
provide  hybridcmas  wnicn  produce  antibodies  specific  to  protein  components  of 
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the  crystalline  inclusion  of  Bacillus  thuringiensis  subsp.  israelensis. 

It  is  a  further  object  of  the  invention  to  provide  methods  for  preparing 


these  hvoridomas. 

A  still  further  object  of  the  invention  to  provide  antioodies  wnicn  are 
monospecif ic  for  component  proteins  of  the  crystalline  inclusion  of  b. 
thuringiensis  suosp.  israelensis. 

A  still  further  object  of  the  invention  is  to  provide  iinnunochemical 
methods  for  use  of  the  monoclonal  antioodies  for  research  and  development  of 
novel  derivatives  of  the  crystal  proteins  recognized  oy  tne  antibodies, 
potentially  constructed  through,  but  not  limited  to,  use  of  recano inant  DivA 
technology. 

A  still  further  object  of  the  invention  is  to  provide  immunocnemical 
methods  useful  for  monitoring  development  and  construction  of  novel  organisms 
containing  the  specific  crystal  proteins  recognized  by  the  monoclonal' 
antibodies. 

A  still  further  object  of  the  invention  is  to  provice  immunochemical  means 
of  monitoring  the  presence  and/or  quantitation  of  tne  protein  or  its 
derivatives  recognized  oy  tne  monoclonal  antibodies  including,  out  not  limited 
to  environmental  monitoring,  industrial  production  and  quality  control,  or 
other  qualitative  or  quantitative  measurement  of  the  proteins  recognized  oy  the 
monoclonal  antiocdy. 

DETAILED  DESCRIPTION  Of  THE  PERf ERRED  EMBODIMENTS 

The  mouse  hyoridoma  celi  line  (Bti-1)  which  produces  and  secretes 
monoclonal  antibody  specific  for  crystal  protein  of  Bacil lus  thuringiensis 
subsp.  israelensis  is  on  deposit  at  the  American  Type  Culture  Collection,  Idodl 
Parklawn  Drive,  Rockville,  >D  2bd52.  It  is  designated  as  ATCC  HS  9562. 
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Tne  method  of  preparing  the  hybridomas  and  monoclonal  antiooaies  of  the 


preferred  embodiment  comprises  the  following: 

Soluble  crystal  protein  is  mixed  with  an  equal  volume  of  Freund's  complete 
adjuvant  and  injecteu  intraperitoneal ly  (i.p.)  into  6-12  week,  old  mice 
(BAL3/c).  This  treatment  is  designed  to  stimulate  (immunize)  tneir  in  mune 
systems  to  produce  lymphoid  cells  which  secrete  antioodies  ( izinunog  lcoul ins ) 
specific  for  antigenic  sites  (epitopes)  of  the  component  crystal  proteins 
present  in  the  immunizing  material  injected.  The  mice  are  allowed  to  rest  for 
a  period  of  time  sufficient  to  allow  their  immune  systems  to  respond  to 
immunization  and  are  then  given  1-4  booster  immunizations  consisting  of 
additional  doses  of  soluole  crystal  protein  of  3.  tnuringiensis  suosp. 
israelensis  mixed  -with  Freund's  incomplete  adjuvant.  Spleens  are  aseptically 
removed  from  the  immunized  mice  3-4  days  following  the  final  oooster 
immunization,  and  used  to  prepare  suspensions  of  spleen  ceils  (spienocytes)  for 
use  in  subsequent  cell  fusion  experiments. 

Mouse  myeloma  cells  that  nave  continuous  growth  capaoility  in  cell  culture 
medium  are  fused  with  the  spienocytes  from  the  immunized  mice  to  form  nyDriu 
cells  (hybridomas)  that  have  characteristics  of  Doth  of  the  parental  ceil 
types.  Hybridomas  are  selected  from  the  mixed  cell  population  resulting  from 
the  fusion  experiments  oased  on  their  ability  to  grow  in  continuous  culture  in 
medium  containing  hypoxan thine ,  amincpterin,  and  thymidine  (HAT  medium). 

Myeloma  cells  useful  for  these  preferred  embodiments  lack  the  enzyme 
hypoxanthine-guanine  phospnoribosyl  transferase,  and  are  unaoie  to  survive  in 
HAT  selective  medium.  Exemplary  myeloma  cells  for  this  invention  are 
S?2/0-Agl4,  which  ur-  derived  from  a  hybrid  produced  from  3AL 3/c  sple  ocytes 
and  Xo3-Agd,  a  cell  line  frequently  used  to  produce  hyDridomas. 

In  addition  to  their  sensitivity  to  HAT  medium,  the  myeloma  cells  are 
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resistant  to  2d  ug/ml  of  o-azaguanine  and  synthesize  no  immunoglobulin.  Cells 
of  the  parental  types  which  have  not  successfully  fused  to  form  hyoriuomas  do 
not  survive  in  iiAT  medium,  whereas  hyoridoma  cells  grew  and  form  colonies  of 
cells  all  derived  from  the  same  hyorid  parent  cell.  Immunoglobulins  secreteu 
by  hyoridoma  colonies,  if  any,  are  determined  oy  tne  cnaracteristics  of  tne 
splenocyte  parental  cell.  Each  hyoridoma  colony  is  derived  from  a  single 
parental  splenocyte  and  a  myeloma  cell.  Therefore,  since  eacn  splenocyce 
( lympnoolast,  lymphocyte)  parental  cell  secretes  only  one  type  of  antibody, 
then  each  of  the  hyoridoma  colonies  derived  from  the  hyorid  cells  formed  in  tne 
fusion  experiments  also  secrete  only  one  type  of  antioody. 

Myeloma  cells  are  maintained  in  suitaole  growth  meuiun  suca  as  duloecco's 
Modified  Eagle's  Medium  (DMEM)  containing  fetal  oovine  serum.  Although  u-ki-1 
was  used,  most  other  tissue  culture  media  designed  for  growth  of  mammalian 
cells  work  equally  well  after  a  short  adaptation  period.  Ceils  are  suocuitured 
to  maintain  a  population  density  of  aoout  lCO-dOu  thousand  cells/ml. 

Suitable  techniques  fer  ceil  fusion  to  ootain  hyoridonas  are  described 
infra  in  the  more  detailed  example,  basically  tne  spleen  ceils  are  fused  with 
die  myeloma  cells  in  tne  presence  of  polyethylene  glycol  (EEC).  dimetnyl- 
sulfoxide  (ihiSU)  added  to  the  PEG  increases  the  yield  of  hyorid  cells,  feeder 
cells  such  as  mouse  peritoneal  macropnages  or  splenocytes  from  non- immunized 
mice  are  added  to  tne  cell  suspension  after  fusion  to  aid  in  the  establishment 
of  hyoridoma  colonies  by  conditioning  the  growth  medium.  Tne  cell  suspension 
is  diluted  in  DMEM  HAT  or  with  other  appropriate  medium  and  incubated  under 
appropriate  conditions  to  promote  growtn  of  hybrid  cells.  Email  nyoriuoma 
colonies  can  oe  seen  within  about  b-7  days  after  tne  fusion.  After  1  ..eex, 
sufficient  medium  is  added  to  allow  continued  growtn  of  tne  colonies,  nt  aoout 
2  weeks  after  fusion,  culture  supernatant  is  tested  for  tne  presence  of 
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mouse  ant: looey,  or  antibody  specific  for  crystal  protein  of  B.  thuringiensis 
suosp.  israelensis.  Spent  culture  medium  supernatant  may  be  tested  following 


additional  growth  of  the  nyoridoma  if  desired.  A  numoer  of  different  serologic 
and  biochemical  tests  are  known  for  evaluating  the  antioodies  secreted  oy 
various  hybridomas.  In  tne  preferred  emoodiments,  a  modified  enzyme-linxed 
immunosoroent  assay  (ELISA)  was  designed  and  developed  and  utilized  for  testing 
the  hybridomas  for  production  of  antibody  specific  for  crystal  protein  of  B. 
thuringiensis  suosp.  israelensis.  Essentially,  the  ELISA  metnod  consists  of 
binding  _3.  thuringiensis  subsp.  israelensis  crystal  protein  antigen  to 
polystyrene  microtiter  plates  or  pegs  fitted  to  such  plates.  Nonfat  dry  milk 
is  used  to  block  available  non-specific  binding  sites  on  tne  poly-  styrene 
surface.  Hyoricomas  are  screened  by  addition  of  culture  supernatant  to 
antibody  dilution  buffer  ( ADli- •  and  incubation  with  the  polystyrene- bound 
antigen  for  sufficient  time  and  at  sufficient  temperature  to  allow  antioouy  to 
bind  to  the  antigen.  If  a  hybridoma  secretes  antibody  which  recognizes  and 
binds  to  crystal  protein  of  B.  tr.uringiensis  subsp.  israelensis ,  tne  antibody 
forms  a  complex  'with  the  antigen  sound  to  the  polystyrene.  The  polystyrene 
surface  with  the  bound  antigen  and  antigen/antibody  complexes  are  rinsed  in  .-u)B 
or  water,  followed  oy  incubation  vita  goat  antimouse  IgG  (H+L)  horseradisn 
peroxidase  conjugate  diluted  in  ADB.  If  an  antigen/antioedy  complex  is  oound 
to  the  polystyrene,  then  tne  goat  antLmouse  IgG  horseradish  peroxidase 
conjugate  (IgG- HELP)  binds  to  the  antibody  member  of  the  complex.  Excess 
conjugate  and  milk  are  rinsed  from  the  polystyrene  with  ALB  or  water;  tne 
polystyrene  with  bound  complexes  is  then  incubated  in  peroxidase  suostrate 
solution  for  sufficient  time  to  ailow  color  development.  2,2'-Azino-Disi3- 
ethyl Joenzthiazolinesulfonic  acid  (ABTS)  is  a  chrctnogen  used  to  detect 
peroxidase  activity.  If  the  IgG  HR?  conjugate  has  oound  to  antibedy/antigen 
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complex  on  the  polystyrene,  peroxidase  activity  will  cause  the  ABTS  to  form  a 
green-colored  product  which  can  be  quantitated  spectrophotcxnetrically. 
Antibody-secreting  colonies  routinely  give  absorbance  values  at  least  5-folu 
higher  than  controls,  and  are  selected  for  subcloning. 

Subcloning  of  antibody- secreting  colonies  stabilises  tne  genetic 
composition  of  the  cell  line  and  antibody  secretion  by  selecting  against 
unstable,  nonviaole,  and  non-secreting  derivatives.  Suncloning  is  accomplished 
by  subculturing  limiting  dilutions  of  cell  suspensions  in  culture  medium  so 
that  only  single  colonies  develop.  Alternately,  sunclcning  is  accomplisned  in 
semisolid  growth  medium  containing  agarose  or  other  support  matrix,  and  picking 
colonies  to  individual  wells  for  growth  and  testing.  Purified  subclones 
secreting  antibody  can  be  propagated  indefinitely,  and  routinely  score  up  to 
2000-fold  higher  absorDance  values  in  the  ELISA  test  compared  to  controls 
lacking  antibody. 

Antigen  specificity  of  antioocies  is  determined  by  electrophoretic 
separation  of  B.  thuringiensis  suosp.  israelensis  crystal  proteins  and  blotting 
onto  a  suitable  support  medium  such  as  nitrocellulose  memorane  (western 
blotting).  The  detailed  procedures  to  accomplish  this  are  descrioed  infra  in 
the  example  given.  Antibody  is  diluted  in  ADB  or  similar  buffer,  recognizing 
and  binding  only  to  its  specific  antigen.  Antiboay  complexed  to  the  oounu 
antigen  is  resistant  to  oeing  rinsed  off  the  support  matrix  and  is  incuoateu 
with  an  antibody  detection  system  such  as  goat  anti-mouse  IgG-iiRP.  After 
incubation  with  tne  goat  anti-mouse  IgG-HRP  conjugate,  tne  blot  is  rinsed  and 
then  incuoated  in  a  peroxidase  suostrate  solution,  containing  a  chromogen  which 
forms  an  insoluble  precipitate  at  the  site  of  the  peroxidase  enzyme,  thus 
marking  the  site  of  antibody  oound  to  its  specifically  recognized  antigen.  If 
the  antibody  recognizes  more  than  one  protein,  the  sites  on  the  olot 
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corresponding  to  each  of  the  recognized  proteins  will  be  marked  oy  precipitatea 
chromogen.  Similarly,  cross  reaction  with  other  proteins,  inducing,  out  not 
limited  to  other  crystal  proteins  are  investigated  oy  the  isinunoolotting 
technique.  This  procedure  is  used  to  establish  the  specificity  of  tne 
monoclonal  antibody  for  the  crystal  protein  of  B.  thur ingiens is  suosp. 
israelensis .  The  antioody  does  not  cross  react  witn  unrelated  crystal  proteins 
(including  subsp.  kurstaxi)  under  the  conditions  specified.  Therefore,  tne 
antibody  discriminates  between  crystal  proteins,  binding  only  to  trap  of 
subsp.  israelensis ,  allowing  the  determination  of  B.  thur ingiens is  suosp. 
israelensis  crystal  protein  in  complex  mixtures  even  in  tne  presence  of  crystal 
protein  from  other  varieties  of  B.  thur ingiens is.  Because  of  tne  specificity 
of  the  monoclonal  antibody  produced  oy  the  cloned  hybridoma  for  specific 
crystal  protein  of  B.  thurir.riensis  suosp.  israelensis ,  it  is  used  to  verify 
and  quantitate  the  presence  of  said  protein  oy  immunoassay.  This  novel  ability 
is  important  oecause  of  tne  need  for  standardized  methods  in  quality  control 
anc  quantitation  of  crystal  protein  in  microbial  pesticides  cased  on  a. 
thur ingiens is  suosp.  israelensis. 

Tne  antioodies  of  the  invention  are  also  used  in  purification  of  tne 
specific  protein  or  related  protein  from  complex  mixtures  through  tne  use  of 
affinity  chromatography.  Affinity  chromatography  techniques  are  general 
methods  which  worn  'with  antioodies  of  many  different  types  ar.u  specif icities. 
Essentially,  the  antibody  is  bound  to  a  solid  support  matrix  tnat  can  oe 
brought  into  contact  'with  the  mixture  containing  the  antigen  recognized  oy  tne 
antibody,  where  it  oecomes  oound  by  the  antioody  to  tne  matrix.  Alternately, 
the  antioody  is  mixed  with  the  antiu  m  mixture  and  brougnt  into  close  contact 
with  a  solid  support  matrix  containing  oound  uaterial  which  recognizes  tne 
antibody,  binding  both  it  and  its  bound  antigen  to  the  matrix.  In  either  case, 
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Che  mixture  is  rinsed  away,  leaving-  the  antioody/ antigen  complex  oound  to  tne 
support  matrix  from  which  the  complex  can  oe  disrupted  oy  altering  pri,  salt, 
temper a  rare,  or  other  conditions  to  acnieve  elution  from  tne  matrix  of  one  or 
more  of  the  previously  oound  components.  These  techniques  are  used  to  purify 
the  antigen  and  related  proteins  for  use  as  a  potential  pesticide,  a  chemical 
reagent,  or  in  combination  with  otner  suostances. 

The  following  example  illustrates  but  is  not  intenued  to  limit  tne  scope  of 
the  invention. 

Example  1 

Sources  of  Materials 

Strains  of  bacillus  thuringiensis  were  obtained  from  tne  b.  enuring lens is 
culture  collection  of  the  U.S.  dept,  of  Agriculture  maintained  at  crowns vil le , 
Texas  (d.  Dulmage).  BALb/c  mice  were  purchased  from  Charles  diver  Laooracories 
(wilmington,  Mass.)  and  maintained  in  a  laooratory  breeding  colony,  Murine 
myeloma  SP2/0-AG14  was  purchased  from  the  American  Type  Culture  Collection 
(ATCC  CRL  15dl,  docxviile,  Maryland)  and  maintained  in  the  laooratory  tissue 
culture  collection.  Tissue  culture  medium,  hyoridoma-screened  fecal  calx 
serum,  and  supplements  were  ootained  from  Whittaker  M.A.  bioproducts 
(walkersvil le,  Maryland) ,  or  from  Sigma  Chemical  Co.  (Sc.  Louis,  Missouri). 
Dimethyl  sulfoxide  (DMSO)  and  polyethylene  glycol  (PEG;  were  ootaineu  from  me 
American  Type  Culture  Collection. 

All  ceil  cultures  were  in  Duloecco's  Modified  Eagle's  Medium  (DMEM) 
supplemented  witn  Id'/,  fetal  calf  serum,  2-4  mM  L-glutsmine,  4.3  g  glucose  per 
liter,  100  ug  streptomycin  and  100  U  penicillin  C  per  mi.  riypcxantnine  (n), 
thymidine  (T),  and  aminopterin  (n)  were  included  as  indicated  in  tne  text  ac 
final  concentrations  of  100  uM,  lo  uM,  and  0.4  uM,  respectively.  A.li  tissue 
cultures  were  incuoated  at  37°C  with  5-//,  CO,,.  Cell  density  arid  viaoii ity 
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were  determined  in  the  presence  of  trypan  clue  using  a  nenocy  tome cer . 
Preparation  of  Antigen 

B.  thuringiensis  suosp.  israelensis  (strain  HD522)  was  grown  in  L-orotn 
(10  g  tryptone  +  5  g  yeast  extract  +  1  g  glucose  +5  g  had  per  liter;,  witn 
aeration  at  3u°C.  Synchronous  sporulation  was  promoted  oy  centrifuging  tae 
vegetative  oacterial  cells,  resuspending  in  a  pnosphate-ouffered  glucose 
mineral  salts  medium,  and  continuing  incuoation  until  sporulation  was  complete. 
The  sporulated  culture  was  harvested  oy  centrifugation,  sonicates  to  oreax  the 
spore-crystal  complexes  apart,  and  fractionated  Dy  uensity  grauienc  centrifuga¬ 
tion  on  renografin  to  purify  the  crystals  (Temeyer,  J.464) .  The  prcceuures 
outlined  therein  hereby  incorporated  in  this  application  oy  refe.  ice.- 
Purified  crystals  were  dialyzed  in  distilled  water,  freeze  urieu,  suspended  at 
2-4  mg/ml  in  50  mM  Wa^CCf  (pH  10.5)  or  in  50  mi-1  HaUH,  and  incuoateu  for  1-2 
hr  at  37-45°C  to  achieve  soluoilization  of  the  component  crystal  proteins 
(Thomas  and  Ellar,  1463).  The  procedures  outlined  tnerein  nerecy  incorpcrateu 
by  reference.  2-i  jercaptcethanol  (10  mid)  was  usually  included  to  aid  in 
soluoilization  of  the  crystals. 

Immunization  of  Mice 

Six  to  cveive-wee.k-olu  iALB/c  mice  were  immunized  oy  i.p.  injection  of 
crystal  protein  antigen  in  aejuvant.  Injections  usually  contained  ou-lou  ug 
crystal  protein,  ur.e  to  four  oooster  injections  ware  mace  at  two  to  four  weex 
intervals.  Initial  immunizations  contained  complete  Frouncf  s  adjuvant  anu 
booster  immunizations  contained  incomplete  Freund' s  aejuvant.  L.munizeu  mice 
were  oled  prior  to  booster  immunization  anu  production  of  antibody  specific  for 
B.  churingiensis  crystal  protein  was  monitored  oy  an  enzyme- 1  inxed 
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Preparation  of  Myeloma  Cells  for  Hyoridization 

Murine  myeloma  cells  (3P2/G-AG14,)  were  grown  in  DMEM. 
growing  cultures  were  maintained  between  1-5  X  lo"5  ceils/mi  oy  suocuituring. 
Each  hyoridization  required  approximately  lu^  myeloma  cells  witn  oetter  tnan 
90, £  viability.  On  the  day  of  hyoridization,  myeloma  ceils  were  collected  oy 
centrifugation  and  resuspended  in  DMEM  lacxing  fetal  Dovine  serum  (serum- fret 
DMEM) . 

Preparation  of  Splenocytes 

Splenocytes  were  prepared  from  mouse  spleens  (removed  asepticaily)  oy 
grating  through  sterile  stainless  steel  wire  mesn  screens  into  serum-free 
DMEM.  Each  spleen  usually  yielded  approxicately  10°  splenocytes. 

Splenocytes  from  non- iununizec  mice  -were  used  as  teeuer  ue’Js.  or  to  ccnaitit 
growth  medium.  Splenocytes  from  irmunized  mice  were  nyoridized  witn  the 
myelor.a  cells. 

Hyoridization  of  .-5/610013  Cells  ana  Soier.ocvtes 

Lxrune  splenocytes  were  mixed  witn  myeloma  ceils  (in  approximate  1:1  rati 
and  [pelleted  by  gentle  centrifugation  in  serum- free  DMEM.  Ihe  supernatant  wa 
carefully  removed  and  one  ml  PEG  solution  (45-5u,»  PEC  +  5„  Di-iSO  in  serum-free 
DMEM)  was  added  and  gently  stirred  with  tne  cells  for  1-2  mm,  oeing  carefui 
not  to  breax  apart  small  clumps  of  ceils.  Tne  PEC  was  slowly  diluted  oy  slow 
addition,  'with  stirring,  or  serum-free  DMEM  containing  reduced  amounts  or 
lacking  PEG.  After  dilution  of  PEG  (to  reduce  viscosity;,  the  ceil  suspensic 
was  gently  centrifuged  to  pellet  tne  cells,  which  were  gently  resuspenueu  in 
DMEM  (with  fetal  calf  serein)  plus  HAT  supplements.  Splenocytes  from  a 
non- immunized  mouse  were  aeded  to  tne  cell  suspension  and  diluted  witn  -A’u.1  * 
HAT  supplements  to  about  1-2  X  iJ°  celis/ml  and  plated  in  well  tissue 
culture  plates  (u.l  mi/well).  The  plates  were  mcuoated  at  57°C  witn  7,a 
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CO^  and  greater  chan  902,  relative  humidity  tor  one  week  alter  wnich  o.i  ml 
fresii  LX-IEM  (with  scrum)  containing  HT  supplements  was  added.  The  plates  were 
occasionally  insi>ected  Tor  growth  oi  hybridoma  colonies,  llvoridana  colonies 
were  picked  to  individual  wells  if  more  than  one  colony  was  growing  in  the 
same  well.  Growth  of  colonies  was  supj>orted  oy  replacement  of  part  of  tne 
spent  medium  with  fresh  HT- supple:  non  tea  DMiu-1.  Culture  medium  from  wells 
containing  hyoridoma  colonies  was  tested  by  ELIbA  for  presence  of  antioody 
specific  for  b.  tnuringiensis  subsp.  israelensis  crystal  protein. 

ELISA  to  Detect  b.  tnuringiensis  suosp.  israelensis 

Crystal  Protem-Specif ic  Antioody 

Antigen  was  attached  to  polystyrene  pegs  or  .nicrotiter  plates  (not  tissue 
culture  treated)  oy  inclination  for  1  hr  or  longer  at  37°C  of  0.2-2ug  soluble 
antigen  per  well  in  1U  iii-1  potassium  phosphate,  pH  7.U,  wnich  was  necessary  to 
Obtain  uniform  antigen  oinding.  buffer  composition  ana  concentration  are 
critical  to  achieve  unifon.ily  high  bindirg  of  soluble  crystal  protein.  Otner 
Duffers  which  can  also  oe  used  are:  WaOJ  ,  KPO. ,  Tris-hCl,  Iris-acetate, 
Tris-citrate,  Tris-NaPO,  ,  ana  Tris-glutamate.  Some  lots  of  polystyrene 
plates  oind  antigen  poorly  unless  pretreateu  with  glutaralaenyde.  Tne  falcon 

j  R 

Assay  Screening  Test  (f.A.S.T.  or  f/iSf)  system  (becton  u  Dickenson, 

Oi-mard,  California)  was  used  in  preference  to  other  tests,  such  as  microtiter 
plates  for  antigen  attachment  for  reasons  of  convenience;  however,  orainary 
polystyrene  microtiter  plates  work  equally  well  although  pretreatment  with  d.l/c 
glutaralaenyde  for  1  hr  may  iinprove  results  for  some  manufacturer's  lots  of 
polystyrene  plates.  Nitrocellulose  or  nylon  can  also  be  substituted  for 
polystyrene  as  a  support  medium  for  antigen  attachment,  Nonspecific  oinuing 
sites  on  the  polystyrene-antigen  surface  were  blocked  Dy  incubation  witn  lU/3 
nonfat  dry  milk  (Carnation)  for  at  least  one  hour  which  was  necessary  to  reduce 
nonspecific  background. 
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Serum  or  tissue  culture  medium  was  tested  for  the  presence  of  antioody 
specific  for  B.  thuringiensis  sinsp.  israelensis  crystal  protein  oy 
enzyme- linked  ismunosoroent  assay  (ELISA).  The  test  serum  or  growth  medium  was 
diluted  at  least  1:4  (v/v)  in  antioody  dilution  ouffer  (A DB2)  containing  24 
(w/v)  nonfat  dry  milk,  14  (v/v)  Tween-o 0,  and  U.ul/,  (v/v)  antifoam  A  (Sigma 
Chemical  Co.,  St.  Louis,  IK))  all  in  pnospnace  oufferea  saline  or  other 
physiological  solution.  Solutions  containing  alternate  proteins,  suca  as 
bovine  serum  aloumin  are  also  effective  in  reducing  nonspecific  oinding  of 
antibody.  These  factors  were  necessary  to  ootain  uniform  oinding  of  availaole 
antibody  in  the  aosence  of  unacceptaole  background.  Aub5  contained  0/o  (w/v) 
nonfat  dry  milk,  but  was  otherwise  equivalent  to  ADB2.  The  diluted  semi;  or 
spent  growtn  medium  was  incuoated  witn  the  antigen  (sound  to  polystyrene  plates 
or  pegs)  with  agitation.  Incuoation  tune  and  temperature  are  not  critical. 
However,  exemplary  conditions  would  oe  oe tween  lo-37°C.  Ho  loss  of  oinding 
specificity  was  found  witn  incuoation  times  as  long  as  3-4  uours,  even  undar 
condition  of  antioody  excess.  This  is  an  unusual  feature  for  an  immunocnemical 
assay  obtainable  as  a  result  of  cne  steps  uescrioed  supra,  dost  immunocaemcal 
assays  are  limited  Ln  achievaole  sensitivity  due  to  non-specific  oacKgrouno. 

In  our  example ,  the  limiting  factor  on  assay  sensitivity  was  the  availaoility 
of  antioody,  not  non-specific  oinding  of  antioody.  It  was  tnerefcre  possioxe 
to  achieve  even  greater  sensitivity  oy  increasing  the  volume  of 
antioody-ccntaining  solution  tasted  by  replacement  of  the  test  solution  every 
hour  or  so.  After  incuoation  of  the  test  solution  to  allow  antioouy  to  shod  to 
the  bound  antigen,  unsound  or  non-specifically  bound  antioouy  was  removes  oy  1 
min.  or  longer  rinse  Ln  ADB2  or  Al)b5.  AD32  was  usee  for  dilution  of  test 
solutions  potentially  containing  antioody,  and  ALbb  for  rinses.  ILe  iower 
concentration  of  milk  in  ADb2  allowed  more  rapid  binding  of  availaole  antibody, 
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while  the  higher  concentration  in  Abba  resulted  in  slightly  better  competition 
for  non-specific  binding  sites  and  oetter  removal  of  non- spec  if  ically  bound 
antibody.  Other  buffers  wnicn  can  be  used  are:  milk,  mi  Ik.  and  anti-foam  A, 
milk  and  Tween-bO,  milk  and  Tween-dG  and  anti-foam  A. 

Where  bunding  specificity  is  not  critical,  such  as  for  assays  during 
routine  subcloning  or  simple  verification  of  antiocuy  activity,  tnen  water  was 
used  for  rinse.  Antibody  which  is  specifically  oound  to  tne  antigen  was 
retained  through  the  rinse  and  was  monitored  oy  use  of  immunoactive  tracers 
which  bind  to  mouse  antibody.  We  used  goat,  anti -mouse - I go  (arL)  antibody 
conjugated  to  norseradish  peroxidase  (biokad,  Richmond,  CA  or  bigma  Chemical, 
St.  Louis,  MO)  to  reveal  the  presence  of  mouse  antibody.  Tne  peroxidase- 
conjugated  antiserum  was  diluted  in  AOb2  (usually  l:2bd  or  signer  uilution)  ana 
incubated  with  the  polystyrene-bound  antigen,  with  agitation,  to  allow  oir.uing 
to  mouse  antibody  wnich  was  specifically  bound  to  tne  antigen.  L’se  of  aJd2  or 
similar  buffer  is  important  to  prevent  hign  backgrcur.u.  Incubation  conditions 
were  similar  to  those  described  for  test  serum  or  grcwtu  medium.  excessive ly 
nigh  concentration  of  antiserum-conjugate  resulted  in  hign  uacxgrounu  cue  to 
non-specific  adsorotion  to  polystyrene  and  bound  proteins,  ana  was  eliminated 
oy  increasing  the  wonting  dilution  of  die  antibody-enzyme  conjugate,  we 
routinely  used  a  dilution  of  1:10LU  with  1  hour  incubation,  out  snortonea  tne 
incubation  time  oy  using  correspondingly  lower  dilutions  if  necessary,  a  rinse 
step  as  before  was  included  to  remove  non-specif ically  bound  antibody-enzyme 
conjugate.  Presence  of  the  horseradish  peroxicase  was  revealed  curaugn 
oxidation  of  a  chromagen  such  as  2,2' -azino-bis(3-etnyl jbenzthiazciinesuifonic 
acid  (AbTS)  by  incubation  in  G.J5  M  da-citrate,  ph  containing  2  r.vi 
and  U.2  mi-1  ALTS  for  up  to  1  hour  with  agitation  to  allow  coior 
development.  Microtiter  plates  were  read  on  a  Titertek  Multiscan“  plate 
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reader  at  414  nm;  otner  methods  of  determining  aosoroance  values,  although  less 
convenient,  work  equally  v;ell.  wells  containing  antioody  usually  gave 
absorbance  values  5-fold  or  more  above  control  values  cotair.ed  for  negative 
control  wells  lacking  antioody.  Use  of  alternate  enzyme  suostrates,  or  enzyme 
conjugates  resulted  in  similar  results.  It  was  also  possiole  to  use  enzyme-  or 
radio-labeled  Protein  A,  or  a  variety  of  ocher  standard  methods  to  reveal  t.e 
presence  of  antioody. 

Subcloning  of  Antibody-Secreting  Hyoridomas 

Tissue  culrare  wells  identified  oy  ELISA  as  containing  B.  tnuringiansis 
crystal  protein-specific  antibody,  were  inspected  for  the  presence  of  nyoriuoma 
colonies.  Cells  from  wells  containing  one  or  more  apparent  hyoridoma  colonies 
were  subcloned  by  limiting  dilution  or  oy  dilution  in  semisolid  grower*  medium 
to  allow  individual  cells  to  develop  into  separate  colonies  of  cells. 

Individual  colonies  were  picked  and  grown  in  separate  wells  to  allow  testing 
for  antibody  production  using  Che  ELISA  technique  descrioed  aoove. 

Ant iDody- secreting  suoclones  scored  up  to  2000-fold  higher  aosoroance  readings 
in  the  ELISA  test  than  controls  lacking  antioody. 

Cryopreservation  of  Hyoridoma  Cell  Lines 

Hyoridoma  cell  lines  which  secreted  monoclonal  antioody  were  preserved  oy 
cryogenic  storage  in  liquid  nitrogen.  Actively  growing  ceils  from  cultures 
maintained  at  cell  densities  oetveen  IOu-duO  X  Id"*  ceiis/ml  were  concentrated 
by  centrifugation;  suspended  in  DMEM  +  Iff  supplements  containing  5u,0  (v/v) 
fetal  calf  serum;  and  then  dime tr*yl sulfoxide  ( DfSO )  was  slowly  audeu  (oy 
dropwise  addition  with  stirring  of  an  equal  volume  of  Di-IEH  +  HI  supplements 
containing  304  (v/v)  Dl-1SO).  final  concentration  of  medium  components  was  2d,0 
fetal  calf  serum  and  154  DMS0  in  DMEM  +  HT  supplements,  final  concentrations 
of  serum  cetween  10  and  D04,  ana  of  u-!S0  oeeween  Id  and  3  04  also  wornea.  The 
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cell  suspension  was  slowly  cooled  in  cryotubes  to  -7u°C  (at  aoout  1°C.  per 
min),  and  then  transferred  to  liquid  nitrogen  for  indefinite  storage. 

Production  of  Ascites  fluid 

A  representative  sample  (10)  of  BAL3/c  mice  ( d— 10  week  old  males)  were 
5  primed  for  ascites  proauction  oy  intraperitoneal  (i.p.)  injection  of  u.b  ml 

pristane  14  days  prior  to  i.p.  injection  of  10d-2vd  thousand  nyoriuoma  ceils. 
Ascites  formation  was  visually  ;nonitored,  and  accumulated  fluid  was  removed  oy 
i.p.  tapping  using  a  hypodermic  syringe.  Ascites  fluid  was  tested  for  antioody 
specific  for  B.  thuringiensis  subsp.  israeiensis  crystal  protein  oy  toe  fLIfn. 

10  test  described  supra.  Concentration  of  specific  antioody  Ln  ascites  fluid  was 

determined  to  be  at  least  25U-fold  higher  than  that  of  spent  growth  medium  fra?, 
tissue  culDure. 

Characterization  of  I:mriuno?looulin  Class  and  fuoclass 

Secreted  antioody  present  in  hyoridorna  culture  supernatant  was  tested  oy  a 
15  dcuole  immunodiffusion  method  in  an  agarose  gel  using  a  commercial  mouse 

monoclonal  antibody  typing  kit  purcnased  fran  miles  scientific,  a  division  of 
Miles  Laooratories,  Inc.,  Maperville,  IL  obboo.  The  antioody  was  determined  to 
be  mouse  IgG3. 

Determination  of  Antiocdv  Bunding  Soecificitv 
20  Antibody  binding  specificity  was  determined  oy  a  western  dotting  technique 

as  follo.vs:  Proteins  fran  B.  thuringiensis  suosp.  israeiensis  or  suosp. 
kurstaki  spore/crystal  complexes  were  soluoilized  for  non-denaturing 
polyacrylamide  gel  electrcpnoresis  as  Jescrioed  by  Thomas  and  filar  (i?o3,  tne 
procedures  outlined  therein  hereby  incorporated  in  tnis  application  oy 
reference),  out  with  tne  addition  of  2  nv!  phenylnetnyisuifonyl  fluorine  iPbof ) 
to  ininibit  proteases;  or  for  Sub  polyacrylamide  gel  electrophoresis  oy  coiling 
the  spore/crystal  complexes  directly  in  SDb  loading  ouffer  (od  nii  tris-nCl,  pn 
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7.5,  I,,  [w/vj  sodiun  dodecyl  sulfate  (3DS),  25  2-mercaptoetnanol ,  2mM  iWSr, 
lrniM  e thy lenediaminete trace tic  acid  (£DTA),  10/o  [w/vj  glycerol,  and  u.0U2b/i 
[w/v]  bromopnenol  blue).  Proteins  were  eiectrophoreticaliy  separated  on 
denaturing  SoS  polyacrylamide  gels  (SDS-?AG£)  or  on  nondenaturing 
5  polyacrylamide  gels  (nondenaturing-PAGd)  and  transferred  to  nitrocellulose 

membranes  oy  electroblotting.  The  nitrocellulose  membranes  were  incubated  for 
1  hour  in  1  o/,  (w/v)  nonfat  dry  milk  to  olocx  any  available  nonspecific  binding 
sites  on  the  nitrocellulose  membrane,  rinsea  briefly  to  remove  excess  milx  in 
10  rrfl  tris-HCl,  prl  7.5,  in  pnospnate- buffered  saline,  or  in  water,  anu  orieu 
10  for  at  least  1  nr  at  cd-oo°C.  Tlie  dry  blots  'were  wetteu  in  Addo  anu 

hybridcma  culture  supernatant  was  added  to  the  Abd5  to  give  a  final  dilution  of 
1:50.  The  blot  was  incubated  with  agitation  in  tne  A j£b  containing  monoclonal 
antibody  for  1  hr  at  22°C,  then  was  rinsed  three  times  for  1  min  ea  in  AOdd. 

Tne  rinsed  .membrane  was  agitated  with  A Ddo  containing  goat,  anti-;. cuse-Igd 
15  (H+L)  conjugated  to  horseradish  peroxidase  (diluted  l:2b00  in  aJdb;  for  1  hr  at 

22°C,  was  again  rinsea  three  tines  in  Adds,  and  was  rinsed  in  lJ  .a-1  tris-nGl, 
pH  7.5,  or  other  rinse  suitable  to  remove  excess  milk,  fne  blot  was  cevelopeu 
in  100  ml  peroxidase  suostrate  solution  containing  lo  mrl  tris-nGl,  pn  7.0,  2.0 
mg  o-uianisidine,  and  0.01  U  ror  Co  develop  a  colored  preeipi- 

20  tate  on  protein  bands  to  which  the  monoclonal  antibody  nac  oounu.  Tnis  pro¬ 

cedure  resuiteu  in  specific  binning  of  tne  antibody  to  proteins  deriveu  fro: a  o. 
thur ingieo sis  sunsp.  israeler.sis  and  oetection  of  saiu  proteins  oy  formation  ci 
the  colorea  precipitate  due  to  peroxidase  activity  and  oxidation  of  tne 
o-dianisidir.e.  Analysis  of  proteins  from  purified  spores  ar.a  crystals  of  d. 

25  tnuringiensis  suosp.  israelensis  and  suosp.  xurstarci  revealed  tnat  tne  princi- 

ple  oand  made  visiole  by  tnis  technique  was  a  crystal  protein  component  or 
approx,  mol.  wt.  60 k  fran  suosp.  israelensis.  It  was  noted  tnat  tne  antioouy 


-17- 


' 


<* 

f-rs -TWryirwr 


■w  / 


recognizes  and  binds  to  said  protein  on  Western  blots  of  proteins  separated  by 
either  a  non  denaturing-PAGE  or  SDS-PAGE,  demonstrating  that  the  antibody 
recognizes  an  epitope  which  is  not  lost  by  denaturation  of  the  protein.  At  lea-/ 
concentration  of  protein  (.04-15  ng)  on  the  blots,  or  under  conditions  of 
5  decreased  antioody  concentration,  this  protein  was  the  only  band  revealed  by 
peroxidase. 

Therefore,  we  have  thus  constructed  and  subcloned  a  specific  murine 
hybridoma  cell  line  which  secretes  IgG3  monoclonal  mouse  antibody  which 
specifically  recognizes  and  binds  to  the  epitope  of  the  68k  crystal  protein  of 
10  Bacillus  thuringiensis  subsp.  israelensis;  said  hybridoma  ATCC  HB  9362  is  on 
deposit  at  the  American  Type  Culture  Collection,  Rockville,  Maryland. 

Discussion 

Experiinents  using  polyclonal  rabbit  antiserum  demonstrated  the  need  for 
modification  of  the  available  ELISA  procedures  to  increase  the  sensitivity  and 
15  reduce  nonspecific  background  of  the  assay  to  levels  capable  of  detecting  a  few 
hybridoma  cells  secreting  antibody  to  the  crystal  protein  of  Bacillus 
thuringiensis  subsp.  israelensis.  In  addition,  the  achievement  of  increased 
assay  sensitivity  demonstrated  the  need  for  reduced  variability  in  binding  of 
antigen  to  the  support  material.  Comparison  of  the  measured  dilution  titer 
20  with  estimates  of  the  number  of  antibody  secreting  cells  in  tissue  cultures  of 
our  cloned  hybidomas  indicated  that  our  ELISA  method  was  able  to  detect  less 
than  70  antibody- secreting  cells  per  ml  culture  medium,  or  ca.  7  cells  in  a 
single  well  of  a  microtiter  plate.  We  were  able  to  construct,  detect  and 
successfully  subclone  antibody  secreting  hybridomas  when  no  hybridoma  colonies 
25  were  discernible  among  the  feeder  cells.  Additional  increases  in  detection 

sensitivity  were  achieved  with  this  method  by  using  longer  incubation  times  or 
larger  samples  of  culture  supernatant  but  the  described  method  was  sufficient 
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for  use  in  screening  ana  selecting  hybriaomas. 

we  at temp ted  to  identify  the  antigenic  specificity  of  our  monoclonal 
antibody  using  Western  olots  of  SDS  polyacrylamide  geis  of  soluoilized 
spore/crystal  complexes  of  B.  thuringiensis  suosp.  israelensis  and  xurstaxi. 

5  Nonspecific  bunding  of  our  antibody  to  a  large  numoer  of  proteins  was  greatly 

reduced  by  1)  d locking  the  nitrocellulose  with  milk  following  electron lot ting, 
and  2)  inclination  of  the  antioody  in  AJB5.  Under  optii.ial  conaitions,  low- level 
cross  reaction  of  the  antioody  witn  other  proteins  was  apparent  ana  concentra¬ 
tion  dependent.  ADB5  or  similar  buffer  was  essential  for  reducing  no:ispecific 
10  binding  of  Lnmunog loins  to  proteases  ana  other  protein-oinding  molecules. 

Monoclonal  antioodies  to  B.  thuringiensis  suosp.  thuringiensis  aelta- 
endotoxLn  were  constricted  by  Huoer-Luxac  et  al.  (ibd2).  Tney  reported  tnat 
all  of  their  monoclonal  antioodies  cross-reacted  with  procoxin  Ln  an  BLIBrt 
test;  however,  their  protoxin  was  simply  crystal  protein  dissolved  Ln  u.i  M 
15  NaOH  for  3d  min  at  37°C,  a  condition  that  prcoaoly  generated  a  mixture  of 

protoxLn  and  derivatives,  making  their  observation  difficult  to  interpret. 
Resolutions  of  the  protein  stricture,  toxicity,  and  relatedness  of  different 
crystal  proteLos  may  require  molecular  clcnLog  of  the  structural  genets;  for 
the  proteLos  in  question  due  to  potential  proteolytic  action  during  crystal 
20  protein  formation,  crystallization  or  soluoilization.  The  availaoilcity  of 

monoclonal  antioodies  will  aid  Live stigat ions  of  tne  irolecuiar  oioiogy  of 
Bacil  I  us  thurhrgiensis  suosp.  israelensis  by  enaoiing  Doth  Lrnunocnemicai 
studies  of  crystal  proteins  and  molecular  cloning  of  specific  crystal  proteLn 
genes . 
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ABSTRACT  Or  Tii£  DISCLOSURE 

Murine  hyoridanas  are  disclosed  wnicn  were  constructeu  oy  fusing  spleen 
cells  iron  BALB/c  nice  immunized  with  soluole  cryscal  protein  from  Bacillus 
thuringiensis  suosp.  israelensis  (B.t.i.)  to  the  murine  myeioma  cell  line 
5  SP2/0-AG14.  An  ELISA  (enzyme- linked  itmunosorDent  assay)  netnod  for  detection 

of  antibodies  specific  for  cryscal  protein  of  B.t.i.  was  modified  to  prouuce 
100-  to  1,000-folu  increased  sensitivity  and  was  useu  co  identify  hyDridomas 
secreting  monoclonal  antioody  specific  for  the  B.t.i.  crystal  proteun. 

Analysis  of  the  hyoridona  culture  supernatant  fluid  indicated  production  of 
10  monoclonal  IgG3  antioodies,  specific  for  tne  6d,UUd  dal  ton  protein  presumed  co 

be  the  Lnsecticidal  del ta-endotcxLn  of  B.t.i. 
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